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Statement  of  the  Work 

The  work  conducted  under  this  project  is  a  six-month  concept  study.  The  application  target  of  the  research  is  to 
help  improve  the  sensitivity  of  the  chemical  agent  sensor  using  conductive  polymer  developed  at  the  Army 
Research  Laboratory  in  Aberdeen,  Maryland.  The  main  objective  of  the  work  is  to  study  the  feasibility  of 
certain  micro  pumping  concepts  and  their  potential  integration  with  the  sensing  material  developed  by  Army 
personnel  and  with  the  electronics  developed  in  the  companion  project  lead  by  Professor  C.  S.  Ih  of  the 
University  of  Delaware. 

Summary  of  the  Results 

Modem  semi-conductor  manufacturing  industry  has  created  many  new  applications  in  chemical  and  bio-science 
areas.  A  recent  advance  in  this  regard  is  the  creation  of  micro  chemical  laboratory  and  bio-sensors  on  a  chip  [1- 
3],  Such  a  technology  can  provide  hand-held  devices  for  detecting  different  chemical  agents  in  the  air  and  in 
the  water.  There  have  been  many  studies  of  different  sensing  mechanisms  including  using  conductive  polymers 
for  detecting  gases  [4],  However,  there  is  less  study  on  developing  integrated  signal  processing  and 
amplification  system  on  the  same  chip  and  a  micro-pump  driven  chemical  concentrator  for  the  eventual  product 
of  the  research,  a  handheld  chemical  sensor.  Because  the  sensor  signals  in  many  micro  sensors  are  extremely 
small  and  are  prone  to  electrical  noise  interference,  it  is  an  extremely  difficult  technical  task  to  bring  the  signals 
out  to  provide  readable  information  for  the  users.  A  companion  project  to  the  present  one  is  to  develop  an  on- 
chip  signal  conditioning  and  amplifying  device.  That  project  is  entitled  “Prototype  of  On-Chip  Signal 
Processing  for  Handheld  Chemical  Agent  Sensors”  lead  by  Professor  C.  S.  Ih  of  the  Department  of  Electrical 
and  Computer  Engineering,  University  of  Delaware. 

The  application  target  of  the  research  is  to  help  improve  the  sensitivity  of  the  chemical  agent  sensor  using 
conductive  polymer  developed  at  the  Army  Research  Laboratory  in  Aberdeen,  Maryland.  The  main  objective 
of  this  project  is  to  study  the  feasibility  of  certain  micro  pumping  concepts  and  their  potential  integration  with 
the  sensing  material  developed  by  Army  personnel  and  with  the  electronics  developed  in  the  companion  project 
In  the  past  year,  we  have  developed  a  prototype  of  micro  pump  for  sample  concentration,  and  have  delivered  the 
device  to  the  above-mentioned  Army  Laboratory  for  testing. 

To  conduct  the  concept  study,  we  built  a  mini-pump  that  has  a  potential  to  be  miniaturized.  A  three-piece 
diaphragm  pump  has  been  acquired  and  tested  in  our  laboratory.  The  components  of  the  pump  are  shown  in 
Figure  1.  This  mini-pump  has  an  overall  dimension  20x20  mm2.  With  a  small  DC  motor  and  6V  input  voltage, 
the  pump  pumps  1100  milliliter  per  minute.  The  mini-pump  has  been  tested  in  sample  concentration 
experiments.  The  fluid  is  pumped  through  a  small  channel  in  a  plexiglass  body  as  shown  in  Figure  2.  A 
undergraduate  student  and  a  visiting  professor  in  the  Department  of  Electrical  and  Computer  Engineering  have 
been  working  on  this  project. 

The  capability  of  the  micro  pumping  system  should  be  developed  to  match  the  need  of  through-put  of  the  flow 
as  required  for  the  sample  concentration  for  a  specific  chemical  sensor.  In  this  project,  we  have  not  acquired 
any  specification  for  the  sample  concentration.  As  a  result,  a  quantitative  assessment  of  the  ability  of  the 
pumping  power  is  not  done,  although  in  many  sample  concentration  experiments,  we  have  seen  color  changes 
of  the  porous  materials  placed  in  the  flow  path  of  standard  buffer  solution  (pH  7.00). 


Figure  1.  The  three-piece  diaphragm  pump.  On  the  right  is  the  diaphragm-pumping  element,  in  the  middle  is 
the  fluid  chamber,  and  on  the  right  is  the  valve  made  of  a  diaphragm.  The  size  of  the  pump  is  20x20 
mm2,  about  the  size  of  a  nickel. 


Figure  2.  The  mini-pump  and  the  battery  are  contained  in  the  black  box,  and  the  transparent  plexiglass  body  is 
connected  to  the  pump,  and  has  fluid  channels  surface-machined  in  the  middle,  leading  to  the 
sensory  material.  A  small  hole  on  the  top  of  the  sensing  area  allows  the  fiber  optical  probe  to  take 
the  reading  from  the  sensor.  In  the  proposed  research,  the  light  path  for  the  laser  measurement 
system  can  also  be  surface-machined  in  the  plexiglass  body. 

What  has  been  achieved  in  this  small-scale  and  short  exploration  demonstrates  the  potential  of  miniaturizing 
pumps  for  hand-held  chemical  and  biological  agent  detection  device.  Much  more  future  work  needs  to  be  done. 
For  example,  we  need  to  quantify  the  capability  of  sample  concentration  as  a  function  of  the  pump  power 
consumption,  to  miniaturize  the  pump  by  using  the  surface  machining  technology,  and  to  develop  an  integrated 
systems  with  the  sensors  and  the  supporting  electronics.  This  can  be  readily  evolved  into  a  multiple  year 
project. 
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